Molecular profiling of tumours is expected to improve cancer diagnostics and treatment. Potential biomarkers are often sought by analysing data that are common to a large number of patients, disregarding any changes that are specific to a single patient. However, as recent large-scale studies of human tumorigenesis have shown a significant variability in cancer-related changes on an individual level ([@bib26]; [@bib31]), it is essential to explore whether the individual features of tumours are important in understanding tumorigenesis, diagnostics, and treatment selection.

Up to 10% of endometrial cancers develop into an aggressive form of the disease, with 5-year survival rates between 5% and 10% ([@bib18]). Histopathology is primarily used to differentiate between aggressive and non-aggressive cancers ([@bib15]). However, histopathology does not reflect the molecular properties of tumours, which may explain why \>20% of endometrial cancers that are first assumed to be non-aggressive have been reported to develop into aggressive and metastatic cancer ([@bib23]). The current limitations of histopathological diagnosis of endometrial cancer require the development of biomarkers that reflect the molecular functional profile of endometrial tumours.

Despite a number of efforts, there are currently no known molecular biomarkers that can predict the aggressiveness of endometrial cancer ([@bib24]). Promising prognostic results have recently been reported for *in situ* biomarkers, such as DNA ploidy ([@bib30]; [@bib22]), P53 expression ([@bib25]; [@bib8]), and oestrogen and progesterone receptors ([@bib11]; [@bib5]). Most of these studies have been retrospective, and were performed on patients who were not treated with state-of-the-art diagnostic imaging, histological subtyping, and lymph-node sampling ([@bib24]). Recent comprehensive molecular profiling of primary tumours has identified the PI3K/PTEN/AKT/mTOR pathway and FGFR2 as promising targets for development of drugs ([@bib6]; [@bib24]; [@bib32]). Therefore, these proteins may be used for companion diagnostics of the corresponding drugs.

Several proteomics-based studies of endometrial cancer have been published ([@bib7]; [@bib20]; [@bib34]; [@bib27]; [@bib2]). A number of protein biomarkers have been associated with clinical characteristics and prognosis of endometrial cancer, but none are currently being used in routine clinical practice ([@bib29]). In addition, these claimed markers do not represent known potent regulators of molecular processes, but rather high abundance proteins. These proteins are involved in proliferation, viability, and invasion of endometrial cancer cells ([@bib34]), providing the migratory and invasive capabilities associated with the switch to myometrial infiltration ([@bib20]), activating and repressing the transcription of key regulators of the growth, survival, and differentiation pathways ([@bib7]).

High abundance proteins have been identified more frequently than regulatory proteins partly because there is significant variability between individual tumours. The traditional manner of identifying cancer-specific changes includes the generation of a list of expressed proteins that are common to all cancer cases, and a separate list of proteins that are common to cancer-free controls. These lists are then compared; the differences between them are expected to represent true cancer-specific changes. However, this approach assumes that cancer development follows the same path, and exhibits the same changes, in all cancer cases, whereas the heterogeneity of tumours suggests that this approach misses the individual features of tumours. Here, we report that previously neglected individual features of endometrial tumours provide a rich source of information about the molecular processes that are affected therein, and that the regulators of these processes may be used to predict the aggressiveness of endometrial cancer.

Materials and methods
=====================

Collection and preparation of endometrial epithelial tissue samples
-------------------------------------------------------------------

Endometrial clinical samples were collected at the Department of Women\'s and Children\'s Health, Karolinska University Hospital (Stockholm, Sweden), under the Ethical Permit 2006/649. Samples were collected from women who underwent surgery; they were put on ice and sent to a pathologist for preparation, after which they were then frozen at −70 °C for use in proteome profiling. Immunohistopathological diagnostics was performed at the Karolinska University Hospital. The samples used for the proteomics study were evaluated for histo-morphological features, for example, presence of different types of cells, stroma, and inflammatory cells.

Proteome profiling
------------------

For proteome profiling, samples were extracted directly into a rehydration buffer (8 [M]{.smallcaps} urea, 2% CHAPS, 0.002% Bromophenol blue, 0.28% Dithiothreitol, 0.5% ampholites 3--10 pH gradient (IPG) buffer), by mechanical disintegration with glass beads at room temperature. Tissue extracts were centrifuged at 13 000 r.p.m. for 15 min, and supernatants were used for two-dimensional gel electrophoresis (2D-GE).

2D-GE, gel image analysis, and MALDI TOF mass spectrometry were performed as previously described ([@bib35]). Briefly, first-dimension isoelectric focusing (IEF) was performed using 18 cm linear Immobiline Drystrips with a pH range of 3--10 in an IPGPhor instrument (GE Healthcare, Uppsala, Sweden) by passive rehydration for 10 h at 20 °C and following electrophoresis (50 V for 3 h, 1000 V for 1 h, and 5000 V for 10 h or until reaching 32 000 Vhr). Before second-dimension SDS--PAGE, the IPG strips were equilibrated in two steps with equilibration buffer (50 m[M]{.smallcaps} Tris--HCl, pH 8.8, 6 [M]{.smallcaps} urea, 30% (v/v) glycerol, 2% (w/v) SDS, 0.002% (w/v) Bromophenol blue). Samples were alkylated with iodoacetamide. Second-dimension SDS--PAGE was performed in an Ettan Dalt Six (GE Healthcare). At least two good quality 12% SDS--PAGE gels were generated for each sample. Generated gels were stained with silver nitrate. Protein spots were analysed using dedicated software (Image Master Platinum v6.0; GE Healthcare). Statistical significance of the reproducibility of protein spot expression in 2D gels, and of the differences in protein expression, was evaluated using the tools embedded in Image Master 2D platinum software. Student\'s *t-*test was used to ensure statistical significance of protein spot selection (*P*\<0.05). For each individual case, proteins that showed either a more than two-fold change in their expression pattern, or that were unique for a given tumour or to a corresponding histologically normal adjacent tissue were selected for identification by mass spectrometry.

Protein identification
----------------------

Protein spots were excised from the gels, destained, and subjected to in-gel digestion with trypsin (modified sequence-grade, porcine; Promega, Madison, WI, USA). Tryptic peptides were concentrated and desalted on a *μ*C18 ZipTip (Millipore, Billerica, MA, USA). Peptides were directly eluted with 50% acetonitrile containing *α*-Cyano-4-hydroxycinnamic acid matrix onto the metal target and analysed by MALDI TOF MS on Micromass\' M\@LDI-Reflectron instrument (Waters Corp., Milford, MA, USA). Embedded Micromass software (MassLynx Software v4.0; Waters Corp.) was used to process the mass spectra. Peptide spectra were internally calibrated using autolytic peptides from the trypsin (842.510, 1045.564, and 2211.105 Da). To identify proteins, we performed searches in the NCBI\'s nr sequence database using the ProFound search engine (<http://65.219.84.5/service/prowl/profounf.html>). One missed cleavage, alkylation with iodoacetamide and partial oxidation of methionine were allowed. Search parameters were set on mass tolerance \<0.1, p*I* and Mr as compared with the migration position of a spot in the 2D gel, and '*homo sapiens*\' was selected for species search. Significance of the identification was evaluated according to the probability value, *Z*-value, mass precision of the matched peptides and sequence coverage.

Systemic analysis
-----------------

Protein names were translated into Gene Ontology terms (<http://biodbnet.abcc.ncifcrf.gov/>). Systemic analysis of obtained data was performed using GoMiner (<http://discover.nci.nih.gov/gominer/>) and Cytoscape tools. GoMiner provides a classification of identified proteins into biologically coherent categories, and assesses these categories. Relationships between identified proteins were explored by Cytoscape, and a network of identified proteins was generated for analysis. MiMIplugin was used to extract relevant proteins and RNAs from public databases. The network was viewed in Cytoscape; betweenness was computed by Network analysis tool, and network modules were extracted by AllegroMCODE tool. Fisher\'s exact test was used to calculate the *P-*value determining the network connectivity.

The FunCoup tool ([www.funcoup.sbc.su.se](http://www.funcoup.sbc.su.se)) was used to build the small scale networks. Confidence score threshold was set at 0.50, to ensure significance of the network.

Immunohistochemistry
--------------------

UT501 USBiomax (USBiomax Inc., Rockville, MD, USA) and EMC1021 (Pantomics Inc., Richmond, CA, USA) endometrial cancer arrays were used to evaluate the expression of PKN1 and MST1. The UT501 array slide contained 41 cases of endometrioid adenocarcinoma, 2 cases of serous adenocarcinoma, 2 cases of clear cell adenocarcinoma, and 5 normal tissues, while the EMC1021 array slide contained 5 normal tissues and 97 cases of endometrial cancer. Arrays were stained with anti-PKN1 (H-234, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) and anti-MST1 (AP7922a; Abgent Inc., San Diego, CA, USA) at a dilution of 1 : 50 according to the supplier\'s recommendations. Antigen retrieval was performed using DakoCytomation target retrieval solution high pH (DAKO, Carpinteria, CA, USA). The slides were stained with VECTASTAIN Elite ABC kits (Vector Laboratories Inc., Burlingame, CA, USA) following the manufacturer\'s instructions, counterstained with haematoxylin and mounted with Fluoromount G (Southern Biotechnology, Birmingham, AL, USA). The stained tissues were photographed using a Leica DFC camera and images were acquired with Leica QWin Standard software (Leica Microsystems Imaging Solutions Ltd, Cambridge, UK). Intensity of staining was evaluated as absent (−), weak staining in fewer than 5% of cells (+), staining in \>5% but \<50% of cells (++), moderate staining in \>50% of cells (+++) and strong staining in \>50% of cells (++++). Staining was evaluated in malignant (epithelial) cells of tumours and epithelial cells of normal tissues. Sensitivity and specificity for MST1 and PKN1 expression in tumours and normal tissues were calculated. Fisher\'s exact test was used to calculate the significance of differences in expression of MST1 and PKN1 in IHC study.

Results
=======

Proteome profiling of individual tumours
----------------------------------------

We applied a two-step strategy to analyse the contribution of individual features of tumours to endometrial tumorigenesis. The first step was proteome profiling of three individual cases. The second step was a meta-analysis of individual features of endometrial tumours, which was used as a source to identify possible biomarkers, and included immunohistochemical validation within a separate set of endometrial cancer cases.

Histological analysis of the three cases used for proteome profiling showed typical histology for endometrial cancer ([Figure 1A and B](#fig1){ref-type="fig"}). All three were diagnosed as stage IA type 1 endometrioid endometrial carcinomas (EECs), with histologically detected invasion into the myometrium. Histological analysis showed no significant differences between the cases in representation of cells and stroma. Therefore, the differences in protein expression due to the morphological differences were minimised. However, as such intertumour differences cannot be fully excluded, we performed IHC study to validate expression pattern of selected identified proteins. As we explored the importance of the individual features of tumours, a limited number of cases were used for the discovery part of this work. For the validation study of markers selected from our proteomics data, we tested tissue microarrays containing total 168 endometrial cancer and non-cancer/normal cases.

We studied intact proteins, which is more informative due to detection of the proteins as they are in tumour samples, instead of artificially generated peptides, as in the peptide-based approaches by MS/MS. We used 2D gel electrophoresis, which allows for the detection of \>2000 intact proteins and their isoforms in a single run. Proteome maps were generated for the three EC cases of tumour samples, and for histologically normal adjacent tissues for cases \#2 and \#3 ([Figure 1C](#fig1){ref-type="fig"}; [Supplementary Figure S1](#sup1){ref-type="supplementary-material"}). Normal adjacent tissue was not available for case \#1. The overall patterns of protein migration in 2D gels were similar for all three cases. This indicates that the isoelectric points and molecular masses of studied proteins did not differ between the studied cases. It also indicates that the overall morphological structures of the studied samples were similar, for example, presence of malignant cells and stromal components. The pattern similarity reflects the same histological origin ([Supplementary Figure S1](#sup1){ref-type="supplementary-material"}). All identified proteins are given in [Supplementary Table S1](#sup1){ref-type="supplementary-material"}.

Despite similarity of the overall separation pattern of the proteins, we observed significant variability between the three tumours in identities of tumour-related proteins. In all, 298 tumour-related protein spots were detected for case \#1, while for cases \#2 and \#3 there were 121 and 165 tumour-related protein spots, respectively. The lists of proteins identified in each case are given in [Supplementary Table S1](#sup1){ref-type="supplementary-material"}. Analysis of these lists showed high variability in identities of the tumour proteins across the three cases. To explore what this variability may reflect, we performed molecular profiling of the tumours, using the proteins identified through proteome profiling.

Molecular profiling
-------------------

The proteins identified through proteome profiling represented two types of features -- those common to many endometrial cancers and those specific to a single tumour. To explore whether any of the individual variability observed was relevant to tumorigenesis, we generated separate molecular profiles for each case. We assumed that although the individual tumour features we observed differed between cases, they may have led to the same functional output, and that discarding these individual differences and processing only common features may lead to the loss of important information on the regulatory profiles of these tumours.

Networks were built for each EEC case to characterise the molecular profiles of the tumours, using the proteins identified through proteome profiling ([Supplementary Table S1](#sup1){ref-type="supplementary-material"}; [Supplementary Figure S3](#sup1){ref-type="supplementary-material"}). These networks were used to identify which signalling mechanisms were affected in the tumours. It has been well established that key cellular functions may be regulated in the same manner by different components of a given signalling network ([@bib28]). For example, cell proliferation can be affected by \>100 proteins, including cyclins, CDK, CDK inhibitors, growth factors, MAP kinase pathways, and various tyrosine and serine/threonine kinases and phosphatases. Our hypothesis is that different proteins may be affected in the tumours of different individuals, but that these proteins may have a similar impact on the fundamental cellular functions. Therefore, the hypothesis of 'many means to the same end\' was tested by analysis of identified proteins on a case-by-case basis, followed by a meta-analysis of individual data sets to find common functional mechanisms.

First, we established which functional domains were affected by the proteins identified in a given tumour. Then, these case-related functional domains were compared across the three EEC cases ([Figure 2](#fig2){ref-type="fig"}). As expected, we detected a significant overlap of functional domains between the three EEC cases. The overlapping high-level domains represent regulation of cell growth and proliferation, cell migration, immune response regulation, response to hormones, and angiogenesis regulation ([Figure 2A](#fig2){ref-type="fig"}). This overlap indicates that the affected mechanisms in the tumours are of similar general output. However, when we analysed the components of the individual networks, we observed no overlap ([Figure 2B](#fig2){ref-type="fig"}). This finding indicates that the tumours are using different mechanisms to achieve similar goals, for example, uncontrolled growth. The importance of this observation is related to treatment selection. Different individual features of a tumour may be targeted by different drugs ([Figure 2C](#fig2){ref-type="fig"}). For example, methotrexate may be helpful for case \#1, salinomycin for case \#2, and trichostatin A for case \#3. This demonstrates how the consideration of individual tumour features provides a rich source for a truly individualised treatment design.

Systemic analysis of invasiveness-associated proteome signature
---------------------------------------------------------------

Systemic analysis of the networks of identified proteins created for the three EEC cases showed that the variability in identified proteins was translated into the involvement of similar functional domains ([Figure 2](#fig2){ref-type="fig"}; [Supplementary Figure S3](#sup1){ref-type="supplementary-material"}).

To assess the clinical value of observed individual features of tumours, an evaluation of a large number of cases is required. Therefore, we first explored publically available databases of clinical correlation studies, which are a rich source of results of clinical studies, and allow fast and reliable detection and validation of correlations of protein expression and clinical features, for example, survival or response to treatment. We used data sets deposited at the NCBI Gene Expression Omnibus and EBI to search for the components of the protein networks constructed from our three EEC cases ([Supplementary Figure S4](#sup1){ref-type="supplementary-material"}). The data sets we selected represent aggressive and non-aggressive endometrial cancer cases, separately.

To explore the systemic features of the signalling mechanisms represented by the proteins associated with invasive and non-invasive phenotype, networks of interactions were generated between these proteins and the proteins and genes they may affect, and the genes which were validated by analysis of published data sets ([Figure 3](#fig3){ref-type="fig"}; [Supplementary Figures S3 and S4](#sup1){ref-type="supplementary-material"}). We focused on invasiveness as it is the first step in the development of an aggressive cancer. This expansion of the network allowed to identify invasive-associated dependencies as a network with 441 nodes, while the network with non-invasive-associated dependencies had 616 nodes ([Supplementary Figure S3G and H](#sup1){ref-type="supplementary-material"}). Topology analysis showed that the both networks have features of a scale-free network. The nodes of high importance for robustness of a scale-free network are often the nodes of highest weight in the network, and highest centrality parameters such as betweenness ([@bib3]). These nodes represent key regulators, as they have strongest impact on the system stability and response to perturbation. In the context of aggressiveness and non-aggressiveness, we expect that the key nodes of the invasive-associated and non-invasive-associated networks would be crucial regulators of the molecular signature of aggressiveness. Analysis of the degree of connectivity of nodes identified TAF1, ACTA1, HNF4A, and ZBTB16 as potential key regulators for non-aggressive-specific network, while ATF2, JUN, TAF1, HNF4A, and ATF7IP identified as potential regulators for aggressive-specific network ([Figure 3](#fig3){ref-type="fig"}; [Supplementary Figures S2 and S3](#sup1){ref-type="supplementary-material"}). The impact of other nodes, for example, MYC, Max, SMAD3, TP53, and EGFR, was estimated to be significant due to higher betweenness, which is expected for a node with such connectivity. Network modules generated by the AllegroMCODE tool embedded in Cytoscape were selected from aggressive-specific and non-aggressive-specific networks ([Supplementary Figure S3](#sup1){ref-type="supplementary-material"}). The network modules showed a higher density of interconnections, as compared with the overall degree of connectivity in each network. These modules represented protein degradation regulation, cell apoptosis, cell proliferation, cell death, and cell-cycle regulation. Thus, the network analysis showed involvement in invasiveness of the endometrial cancer of many known regulators of tumorigenesis, such as MYC, TP53, EGFR, Jun, and Samd3. This analysis pointed also to the importance of regulators that have not been previously associated with endometrial cancer, such as ATF2, TAF1, UCP2, EXOSC10, and ATF7IP.

To validate the value of identified proteins and their networks as predictive biomarkers of the aggressiveness of a given tumour, we further explored aggressive and non-aggressive signatures by extracting dependencies that were common to the networks of proteins among cases, and for species in the data sets deposited at the ArrayExpression database of EBI ([Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}; [Supplementary Figure S4](#sup1){ref-type="supplementary-material"}). Despite relatively limited overlap in the lists of genes and proteins in the studied data sets, we observed a significant correlation between upregulated genes and proteins for non-aggressive (10 proteins and genes) and aggressive (7 proteins and genes) signatures. We also observed that these proteins may initiate networks that regulate a number of functions. These functions are illustrated as subnetworks in [Figure 4](#fig4){ref-type="fig"}. The observed correlation between proteome profiling and gene expression data is very important, as it confirms that our proteome profiling of few cases detected changes that were also observed in our large-scale study. This provides confidence and supports the further study of the proteins identified in this study as markers of invasiveness and aggressiveness of endometrial cancer.

PKN1 and MST1 are downregulated in aggressive endometrial cancer
----------------------------------------------------------------

PKN1 and MST1 were selected for validation by tissue microarrays. These proteins were selected due to reports of their potential role in endometrial cancer ([@bib9]; [@bib21]). We performed a validation study on the same three cases that were used for proteome profiling, plus additional cases of endometrial cancer, and tissue microarray of endometrial cancer specimens ([Figure 5](#fig5){ref-type="fig"}; [Supplementary Figure S5](#sup1){ref-type="supplementary-material"}). In all, 168 cases were analysed in two different tissue microarrays. We observed an increase in the expression of MST1 in the normal endometrium compared with tumour tissues ([Figure 5A and B](#fig5){ref-type="fig"}; [Supplementary Figure S5](#sup1){ref-type="supplementary-material"}). UT501 tissue microarrays showed strong MST1 staining (++++) exclusively in normal endometrium, and EMC1021 tissue microarrays samples showed slightly weaker staining (+++), but in the same high number of cells. Tumour cells consistently showed staining for MST1 in a lower number of cells and of weaker intensity. A similar observation was made for PKN1 staining ([Figure 5C and D](#fig5){ref-type="fig"}; [Supplementary Figure S5](#sup1){ref-type="supplementary-material"}). We did not observe significant differences in intracellular nuclear *vs* cytoplasmic distribution of the staining signals. For both TMAs, UT501 and EMC1021, application of the Fisher\'s exact test showed that the differences in expression of MST1 and PKN1 between normal and malignant cells were significant, with *P*-values of \<0.01 for all four arrays and studies (see legend to [Supplementary Figure S5C](#sup1){ref-type="supplementary-material"} for details). Sensitivity of immunohistochemical staining for MST1 was 98% (UT501) and 72% (EMC1021), and specificity was 100% (UT501) and 80% (EMC1021) in tissue microarrays. For PKN1, sensitivity was 98% and specificity was 40% for both tissue microarrays.

Discussion
==========

Variability in the molecular profiles of tumours is the main obstacle for efficient cancer treatment. Here, we explored an approach in which three EEC cases were subjected to full-scale proteomic profiling and systemic study, taking into consideration the individual features of the tumours. The results of individual proteome profiling were then used in a meta-analysis of the generated individual profiles. A similar approach has been used in the profiling of breast tumours, and showed significantly improved insights into the mechanisms governing tumorigenesis ([@bib35]). Our validation study using immunohistochemistry included a large cohort of patients ([Figure 5](#fig5){ref-type="fig"}) and confirmed the value of this approach for studying endometrial cancer.

Interpatient and intratumour variability in histological appearance, cellular composition, and molecular regulatory mechanisms have frequently been observed for many cancers, including endometrial ([@bib26]; [@bib31]). This variability poses a serious hindrance to efficient cancer treatment. The high proportion of patients with partial response to treatment may be explained by the elimination of only a part of the tumour cells, while resistant cells then repopulate the tumour ([@bib26]). Molecular profiling of tumours has focused on studies of gene mutation and RNA expression ([@bib13]). Proteome profiling of endometrial tumours is increasing, and our report illustrates the positive impact of proteome studies on the improvement of diagnostic practices. Intact-protein proteomics by 2D gel electrophoresis coupled with mass spectrometry has been shown to be the most efficient way to explore full-length proteins, and therefore describe a true protein-based profile ([@bib33]).

A combination of different OMIC studies have been instrumental in providing a much more comprehensive overview of the process than could be achieved using a single technology ([@bib12]; [@bib31]). The combination of proteomics, transcriptomics, genome sequencing, metabolomics, and clinical observations would be the best scenario for cancer diagnostics and treatment design. The combination of different techniques is also of importance to address issues of intertumour variations, such as variations in morphology. Such a combination ensures that the proteins identified in a proteomics study of a tumour would be validated by using sections of the tumour; and therefore, the origin of these proteins from malignant or other cells or stroma can be evaluated. Our results confirmed the usefulness of combining proteomics and transcriptomics, as this combination confirmed the relevance of our proteomics findings. However, lack of Protein Ontology and gaps in the representation of genes in transcriptomics studies create challenges due to missing values ([@bib14]). Another challenge is identification of so-called 'novel\' or 'unnamed\' proteins, which were predicted by the genome and mRNA sequencing, but were not detected as proteins. As these proteins were not detected earlier, their functional role is not clear, and can be assumed only by homology to known proteins. These challenges are partially solved by systems biology tools, which allow for the exploration of dependencies between identified proteins and genes ([@bib10]). Building a network is the most frequent method employed to explore dependencies. It is also informative in the prediction of key regulators. The study of network topology allows for the identification of crucial functions and their regulators in a computer-assisted manner, which enhances the quality and significance of the findings ([@bib10]). Our Cytoscape-based study of the protein networks, and the combination of proteomics data and mRNA expression profiles led us to identify MST1 and PKN1 as potential regulators of endometrial tumorigenesis.

MST1 and PKN1 are kinases that have already shown their potential role in tumorigenesis. MST1 showed growth promoting activity in hepatocellular carcinoma cells upon NORE1B downregulation ([@bib21]), while loss of cytoplasmic MST1 expression has been reported to be a marker of tumour progression in colorectal cancer ([@bib19]). It has been reported that overexpression of PKN1 correlated with aggressive ovarian ([@bib9]), colorectal ([@bib4]), and prostate cancers ([@bib17]). Other findings suggested that PKN1 has a role in the development of invasive phenotypes of breast ([@bib1]) and gastric ([@bib16]) cancer cells. Despite the recent advances in knowledge regarding the role of PKN1 and MST1 in tumorigenesis, the involvement of these proteins in the development and progression of endometrial cancer has been as of yet unexplored. Our data suggested that PKN1 and MST1 may be potential predictive biomarkers of endometrial cancer. Statistical significance of differences in expression of MST1 and PKN1 in malignant and normal cells, together with observed sensitivity and specificity values suggest they could be used in a clinical setting as predictive biomarkers.

The growing notion that there may be as many as 100 molecular profiles of cancer has stimulated the design of studies focused on the extraction of individual tumour features ([@bib28]; [@bib12]; [@bib31]). Our approach is an example of such a study. Our data showed that full-scale individual profiling of tumours may unveil the possibility of targeting the tumour of a specific patient via a specific cancer drugs. Therefore, the approach we used may bring us one step closer to true personalisation of cancer treatment.
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![**Proteome profiling.** (**A**) Description of the three tumours subjected to proteome profiling. (**B**) Histology of the tumours of the three EEC cases subjected to the proteome profiling is shown. (**C**) Images of representative 2D gels. The images show the separation of the proteins extracted from tumours. Directions of isoelectric focusing and SDS--PAGE are indicated on the top and on the side of the left gel image, and are the same for the two other images. Gel images for each EEC case are shown in [Supplementary Figure S1](#sup1){ref-type="supplementary-material"}. A list of identified proteins is given in [Supplementary Table S1](#sup1){ref-type="supplementary-material"}.](bjc2013359f1){#fig1}

![**Individualisation of data analysis leads to increased insights into affected functions.** The Venn diagrams show (**A**) overlaps between functional domains defined by the proteins identified in all three EEC cases and (**B**) overlaps between individual components in the functional domains mentioned in (**A**). Note the lack of overlap between all three EEC cases when individual components were considered, and the appearance of the overlap when functions affected by these proteins were compared. (**C**) Proteins specific to individual cases may indicate which drugs would be applicable to that specific patient. The diagrams were built upon analysis of the identified proteins using a GoMiner tool. 'Cellular functions\' category was selected for the analysis of affected functions.](bjc2013359f2){#fig2}

![**Network analysis of individualised proteome profiling identifies proteins central to affected molecular mechanisms.** Betweenness centrality of nodes of (**A**) non-aggressive and (**B**) aggressive-associated networks is shown. The nodes with high betweenness centrality were extracted by analysis of topology of the networks. The nodes are plotted as functions of degree connectivity and beweenness. Some of the nodes are annotated.](bjc2013359f3){#fig3}

![**Combined meta-analysis of proteomics data and results of molecular profiling.** Proteins and genes that were upregulated and correlated with non-aggressive (**A**) and aggressive (**B**) phenotypes of endometrial cancers are listed in the inserts of the panels. The proteins and genes are annotated in Gene Ontology terms. These proteins were used to build endometrial cancer-relevant networks using the FunCoup tool. Connections between proteins are set to a significance of *P*\<0.05. Selected regulatory mechanisms represented in the networks are shown.](bjc2013359f4){#fig4}

![**Expression of MST1 and PKN1 in the three EEC cases.** Expression of MST1 (**A** and **B**) and PKN1 (**C** and **D**) in tumour and histologically normal adjacent tissues was monitored by immunohistochemistry. Brown colour indicates grading of staining for MST1 (**A**) and PKN1 (**C**). Representative images are shown (scale bars represents 200 *μ*m). Quantification of staining of tumours and adjacent normal tissues is shown for MST1 (**B**) and PKN1 (**D**). The panels annotate which tissue microarrays were used, that is, EMC1021 and UT501.](bjc2013359f5){#fig5}
